Experimental generation of ring-shaped beams with random sources 
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We have experimentally reproduced ring shaped beams from the scattered Laguerre-Gaussian and Bessel- 
Gaussian beams. A rotating ground glass plate is used as a scattering medium and a piano convex lens collects 
the scattered light to generate ring shaped beams at the Fourier plane. The experimental results are in good 
agreement with the theoretical results of Mei and Korotkova (Opt. Lett. 38, 91-93 (2013)). © 2013 Optical 
Society of America 

OCIS codes: 030.1640, 030.6600. 



Ring-shaped or dark hollow beams have found appli- 
cations in guiding cold atoms [1] and trapping of low 
refractive index particles [2]. Such beams can be gen- 
erated through multi-mode light wave guides [3], spiral 
phase plates [4] , multi-mode fibers [5] and computer gen- 
erated holograms (CGH) [6]. 

Optical vortices or the Laguerre-Gaussian (LG) beams 
with zero radial index have attracted a great deal of at- 
tention due to their applications in optical manipulation, 
optical communication and quantum information [7, 8] . 
These beams are recognized with a dark core in their in- 
tensity profile and a helical wavefront [9]. We have con- 
sidered LG beams with zero radial index throughout the 
paper. Along with the LG beams, Bessel beams owing 
to their interesting properties of propagation without an 
apparent spreading due to diffraction have also been a 
subject of study since more than two decades [10]. Usu- 
ally in a laboratory the Bessel beams are generated using 
a Gaussian laser beam and termed as Bessel-Gaussian 
(BG) beams. In this letter, we demonstrate the gener- 
ation of ring-shaped beams from the scattered LG and 
BG beams. 

The scattered light of a Gaussian laser beam through 
a rotating ground glass (RGG) plate can be modeled as a 
Gaussian Schell-model (GSM) beam [5]. Following a sim- 
ilar argument, the scattered LG and BG beams through 
the RGG plate can be approximated as Laguerre Gaus- 
sian Schell-model (LGSM) beams and Bessel Gaussian 
Schell-model (BGSM) beams respectively. Recently, the 
temporal coherence properties of such beams has also 
been studied [11,12] and it has been shown that the de- 
cay of coherence becomes sharper with increase in the 
order of LG beam incident on the RGG plate. A similar 
type of behavior has been observed theoretically in the 
spatial correlation function of the LGSM and the BGSM 
beams [13]. It has been stated that the beams having 
a rotationally symmetric correlation function with zero 
value on the beam axis can generate a dark core at the 
far field intensity distribution. Following their theoreti- 
cal results, we could produce the ring shaped beams from 
the scattered LG and BG beams. 

Our experimental set up for the generation of ring- 



shaped beams is shown in Fig. 1. An intensity stabilized 
He-Ne laser beam of maximum power 1 mW and beam 
waist 0.3 mm is used to generate LG and BG beams. 
These beams are produced with the computer gener- 
ated holography technique using a spatial light modula- 
tor (SLM). Different computer generated holograms for 
generating different LG and BG beams are introduced to 
the SLM through a computer. The required beam is se- 
lected with an aperture Al, and passed through the RGG 
plate. The scattered light from the RGG can be approxi- 
mated as the corresponding Schell-model beam [5] which 
is focused with a piano convex lens of focal length 10 cm. 
The images corresponding to the different input beams 
are recorded with a CCD camera. The SLM is placed at 
a distance of 59 cm from the laser and the RGG plate 
is at a distance of 66 cm from the SLM. Lens is kept at 
a distance of 28 cm from the RGG plate and the CCD 
camera is placed 30 cm from the lens. Position of the lens 
is adjusted to get a clear far field intensity distribution 
for an optimum diameter of the ring shaped beams that 
could be captured by the CCD camera. 
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Fig. 1. (Colour online) Experimental set up for the gen- 
eration of ring shaped beams. 



We have recorded the images of scattered second order 
LG and BG beams having azimuthal index 2 from the 
static and the rotating ground glass plate at 5 cm away 
from the plate and also at a distance of 18 cm away 
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from the lens. These images are shown in Fig. 2. One 
can notice that the recorded images do not show any 
intensity distribution hke original LG and BG beams. 
The random intensity distributions obtained for static 
ground glass (Fig. 2(a,b,e,f) gets averaged out in case of 
the RGG plate (Fig. 2(c,d,g,h)). 




Fig. 2. (Colour online) Images showing the intensity dis- 
tributions of scattered second order LG (a-d) and BG (e- 
h) beams; (a, e) are recorded after the ground glass and 
(b, f) after the lens, while (c, g) and (d, h) are recorded 
at same places when the ground glass is rotating (linear 
speed 72.1 cm/sec). 
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Fig. 3. (Colour online) Far field intensity distribution of 
the scattered LG beams of different azimuthal indices 
(m = 1,2,4,6) through a static ground glass plate (row 
1) and the rotating ground glass plate at different speeds, 
72.1 cm/sec (row 2) and 387.9 cm/sec (row 3). 



The far field intensity distributions of the scattered LG 
and BG beams have respectively been shown in Figs. 3 
and 4. It could be seen that unlike the random intensity 
distribution of the scattered light just after the RGG 
plate or at near field of the lens, the far field intensity 
distributions form ring shaped beams with dark core for 
incident beams with nonzero azimuthal index. We have 
shown the far field intensity distribution for scattered 



LG and BG beams with their azimuthal indices 1, 2, 4 
and 6 (radial index is zero for all images) with a static 
ground glass plate and also with two different speeds 
(72.1 cm/sec and 387.9 cm/sec) of the RGG plate. The 
diameter of the dark core increases with increase in the 
azimuthal index or order of both LG and BG beams. 
The dark core remains there if the beam is collimated 
otherwise it disappears when the beam propagates away 
from the focus. The experimental results presented in 
this paper follow the theoretical results of [13]. 




Fig. 4. (Colour online) Far field intensity distribution of 
the scattered BG beams for same conditions as in Fig. 3 
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Fig. 5. (Colour online) The line profiles (intensity dis- 
tribution) along the core of ring shaped beams generated 
from scattered second order LG (a) and BG (b) beams 
at different speeds of the RGG plate 



Furthermore, we have plotted the line profiles along 
the dark core of far field intensity distribution of a scat- 
tered second order LG and BG beams at different speeds 
of the RGG plate, shown in Fig. 5. It has been observed 
that the diameter and the darkness of core is indepen- 
dent of the rotation speeds of the RGG plate. It is well 
known that the light scattered through a RGG plate can 
be considered as a partially coherent beam and the de- 
gree of coherence can be controlled with the speed of the 
RGG plate [14]. In the present case, the independence 
of the size and darkness of core on rotation speed of the 
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RGG plate indicates that the existence of dark core is in- 
dependent of the coherence of scattered beam. Although, 
in the case of partially coherent LG beams, the dark core 
of the beam disappears when coherence of a given beam 
is very less [15]. 

We have also plotted the line profiles through the cen- 
ters of scattered LG and scattered BG beams of different 
orders (m = 1-6) at a constant speed 72.1 cm/sec of the 
RGG plate, shown in Fig. 6. The dark cores of the ring 
shaped beams are very prominent for non-zero azimuthal 
index, and as the index increases it becomes broader. 
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Fig. 6. (Colour online) The line profiles (intensity dis- 
tribution) along the centers of far field intensity distribu- 
tions of scattered LG (a) and BG (b) beams for m = 1-6 
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Fig. 7. (Colour online) Plot showing the shifting of focal 
plane with the position of lens from the RGG plate. 



We have also studied the shift in focal plane of the 
lens when it moves towards or away from the RGG plate. 
A plot between the position of focal plane (focal shift) 
and the distance of lens from the RGG plate has been 
shown in Fig. 7. It is clear that when the lens moves 
towards the RGG plate, the focal plane shifts away from 
the lens and vice versa. The similar results have been 
obtained by changing the aperture size placed in front of 
the lens for the GSM beams [16]. In both the cases, the 
focal plane moves towards the lens when we collect less 



amount of partially coherent light or effectively decrease 
the aperture size. 

We have experimentally generated the ring-shaped 
beams by collecting the scattered light of LG and BG 
beams and studied the focal shift for these beams as a 
function of the amount of light collected by a lens. The 
generated ring-shaped beams may be of importance in 
optical trapping experiments. Also the controlled focal 
shift obtained may be useful in changing the trapping 
planes. In inverted optical tweezer set up, the focal plane 
shifts due to the refractive index mismatch between the 
immersion oil and cover slip [17]; such shifts may be com- 
pensated with controlled focal shifts in the path of trap- 
ping beams. 
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